This paper examines the inter-relationships among gold prices in five global gold markets, namely London, New York, Japan, Hong Kong (since 1 July 1997, a Special Administrative Region (SAR) of China), and Taiwan. We investigate the linkages between Taiwan and the other global gold markets to provide insights for useful investment strategies. The augmenting level-VAR models proposed by Toda and Yamamoto (1995) show that the empirical results find bi-directional causality between the London and New York gold markets, and uni-directional causality from New York to the other markets. In this sense, the New York market has gained a leading role in affecting global gold markets. This empirical finding serves as a predictor for the gold price in global markets.
I. Introduction
Gold is widely regarded as representative of precious metals. In the history of international currencies, gold has not only contributed significantly to the stabilization of the international money market, but has also served as an important financial asset in international currency reserves. For example, most countries around the world hold a certain proportion of their foreign exchange reserves in gold. Apart from its superior industry characteristics, gold has also served as a medium of exchange for several thousand years.
According to a report prepared by the World Gold Council, there are approximately 166,000 tons of gold in the world, and the growth rate of the stock of gold on earth increases by only 2% per year. In 2011, the global demand for gold was 4,067.1 tonnes, which was 6.5% higher than the previous year's level of 3818.2 tonnes.
However, the total supply of gold was 3,994 tonnes in 2011, which was 8% below the previous year's level of 4163.9 tonnes. When the smaller global gold reserves are in even shorter supply, the cost of gold production reduces the shortfall in supply increases, and vice-versa.
Since the Global Financial Crisis began in late 2007, global investors have not aggressively sought complicated portfolios of financial assets, but have rather resorted to simpler financial and risk management. Investing in gold can provide a store of value and hedge risks (Kolluri, 1981; Morre, 1990; Dooley, Isard and Taylor, 1995; Taylor, 1998; Capie, Mills and Wood, 2005; Hammoudeh, Yuan, McAleer and Thompson, 2010) . Even though gold prices will change due to fluctuations in market prices, gold will not lose its value over time.
In order to avoid currency depreciation and low interest rates, particularly during times of recession, investors prefer to provide a store of value for their wealth by holding gold (Koutsoyiannis, 1983; Mishra and Rahman, 2005; Hammoudeh, Malik, and McAleer, 2011 ). An increase in the demand for gold can increase gold prices, which can subsequently lead to a high value of the gold investment. Consequently, this can push up gold prices even further. When all factors are considered, there is still optimism that the gold market will remain bullish.
Due to the openness of financial markets, the impacts of changes in international financial markets on Taiwan have become increasingly rapid. Thus, the relationship between Taiwan and international financial markets has received greater attention. This paper investigates the dynamic linkages among international spot gold prices, using data from London, New York, Japan, Hong Kong and Taiwan. The empirical results not only help to shed light on the interdependence among these global markets, but are also able to serve as a valuable reference for gold investors in global markets.
The remainder of the paper is organized as follows: Section II introduces the data and sample descriptive statistics for the empirical analysis, Section III discusses the research methods, Section IV analyzes the empirical results, and Section V provides a conclusion and some suggestions for further research.
II. Data and Empirical Analysis
The paper examines daily spot gold trading prices from five countries, namely UK, USA, Japan, Hong Kong and Taiwan. The details regarding the variable definitions and data sources are displayed in Table 1 , and the global gold price returns data are displayed in Figure 1 .
It is clear from Figure 1 that Japan has the highest variation, with a range of (-7%, 12%), followed closely by both Hong Kong and New York, with a range of (-7%, 11%), then Taiwan, with a range of (-6%, 10%), and finally London, with a range of (-8%, 7%). Overall, the ranges of fluctuations in the global gold price returns are very similar.
The sample period extends from 01/02/2007 to 12/31/2010. In terms of the fund trading practices for these five countries, the closing or pm fixing prices are used. As the trading days for each country are slightly different, due to holidays or specific factors, missing observations are replaced by the closing price for the previous trading day. The common days off are excluded. Thus, the daily trading data comprise 1,039 observations. In order to be consistent, all samples are expressed in dollars per ounce.
The countries examined are located in different time zones, and so the trading times are also different. In order to avoid estimation bias resulting from confusion over trading orders, the time lag needs to be modified before the empirical analysis is performed (see Table 2 ). If we want to understand the lead-lag relationship between the New York (or London) gold spot price and the Taiwan gold passbook price, for example, we should use the one-period lagged gold spot price from New York (or London) while considering the current gold passbook price in Taiwan. Conversely, if we want to explore whether the gold price in the Asian market will affect the gold price in New York or London, we can directly apply the price to the original series. The relationship characterized by interdependence for each classification allows us to discuss whether or not the early-opening market provides some information as to the late-opening market, and discover which market is more powerful. Do the markets in different regions have any linkages? Do gold prices in relatively highly-capitalized markets (such as New York and London) have a significant influence on gold prices in Japan, Hong Kong and Taiwan? Understanding the dynamic linkages among these markets will contribute to providing useful information in relation to investments in the global gold market.
III. Empirical Methodology
Granger (1969, 1988) proposes a VAR-based method for inferences on the causal relationships among endogenous variables. However, Sims, Stock and Watson (1990), among others, have suggested that the asymptotic distributions cannot be applied to the traditional Wald test for exact linear restrictions on the parameters when the variables in a levels VAR are integrated or cointegrated. As Engle and Granger (1987) indicated, statistical inference for a VA R in levels can be undertaken appropriately only if all the variables are stationary. Otherwise, one can use VAR in differences if all the variables are integrated of order one but are not cointegrated, and through the specification of a VEC model if all variables are integrated of order one and are cointegrated. However, in most cases, the orders of integration and cointegration are not known a priori and pretestings for unit roots and cointegration are necessary before conducting Granger causality tests. Accordingly, any biases in testing for unit roots and cointegration among the variables may distort the efficacy of Granger causality tests. The pre-testing biases might be severe because unit root tests generally have low power, and Johansen cointegration tests can be unreliable in finite samples (Johansen, 1988; Johansen and Juselius, 1990; MacKinnon, 1996; Pesaran, Shin and Smith, 2001 ).
In order to avoid the potentially biased pre-tests for unit roots and cointegration, the procedure developed by Toda and Yamamoto (1995) uses the Wald test statistic for testing linear restrictions on the coefficients in an augmented VAR. The modified Wald (MWALD) statistic for the Granger non-causality test has an asymptotic chi-squared distribution with p degrees of freedom in the limit when a VAR (p+d max ) is estimated, where p is the optimal lag length in the unrestricted levels VAR and d max is the maximal order of integration of the variables in the VAR.
The Granger non-causality procedure is implemented in two steps. In the first step, the optimal lag length of the unrestricted level VAR (p) is to be determined using appropriate information criteria, and d max is determined using a unit root test. The specified VAR(p) is then augmented by the maximal order of integration and a VAR of order (p+d max ) is estimated. For instance, testing for causality in a bivariate system entails estimating the following augmented VAR of order (p+d max ): 
IV. Empirical Results
In order to apply the modified Wald test for Granger non-causality, it is necessary to determine the maximum order of integration of each of the gold price series, for which the Augmented Dickey-Fuller (1979) (ADF) unit root tests are used. As shown in Table 3 , the results of the unit root tests for all series in levels indicate that the maximum order of integration is one, I(1), so that d max = 1. In selecting the optimal lag length for levels VAR modelling, p, the Schwarz Bayesian criterion (SBC) is used, as in Table 4 .
The order of the estimated VAR system, k, is determined by the sum of the optimal lag length (p) and maximum of integration (d max ), so that the empirical VAR(k = p + d max ) model is specified. Once the model is estimated, the modified Wald test proposed by Toda and Yamamoto (1995) is conducted to examine the causality relationships among the relevant variables.
According to the causality results shown in Table 5 
V. Conclusion
In order to avoid the estimation bias from non-stationary time series data, this paper used the Toda and Yamamoto (1995) As for the case of adding the Hong Kong market to the London and New York markets, the intensive interactions among these three markets are revealed since complete price circulation is constructed over twenty-four hours. This supports the claim that Hong Kong is not only an important economic hub in Asia, but also plays a crucial role in connecting the London and New York gold markets. The reason is that Hong Kong has a sound legal system, rigorous monitoring management and good subordinate facilities. As a result, even though Hong Kong is not the biggest gold trading market in the world, it has nevertheless become the first choice for gold investment in Asia. Thus, the Hong Kong gold market has gained a substantial position internationally.
Moreover, there exists bi-directional feedback relationship among the gold prices in the Hong Kong, Japan and Taiwan markets. These gold prices are all affected by the New York market, but lead to impacts on the London market. Japan is a country with poor gold, and its demand for gold mainly relies on imports. Therefore, the gold price in Japan is likely to be affected by the other four markets. The gold price in Taiwan, which is a small open economy, varies quickly following the changes in international markets.
For instance, the gold price in the Taiwan market not only responds to changes in the New York market, but also closely interacts with the gold price in Hong Kong. 
